ABSTRACT G Gardner and HL Gorton (1985 Plant Physiol 77: 540) demonstrated that gabaculine (5-amino-1,3-cyclohexadienylcarboxylic acid) inhibits the initial synthesis and resynthesis of spectrophotometrically detectable phytochrome in pea, maize, and oat. We show that the level of immunodetectable phytochrome in pea is unaffected by the presence of gabaculine at a concentration that reduces spectrophotometrically detectable phytochrome up to 10-fold. This result indicates that gabaculine inhibits chromophore synthesis without affecting phytochrome apoprotein synthesis and that chromophore-less phytochrome is stable in the cell.
Phytochrome is a chromoprotein which is involved in many light-induced developmental events in plants. The chromophore has been shown to be a linear tetrapyrrole that is covalently linked to the phytochrome apoprotein via a thio-ether bond (8, 1 1) . There are two photoconvertible forms; the Pr form, which absorbs maximally at 667 nm and the Pfr form, which absorbs maximally at 730 nm. The difference in absorption between these two forms (AAAA)2 provides an easy assay for quantitating chromophore-containing phytochrome even in vivo (5) .
Gardner and Gorton (4) previously reported that gabaculine (5-amino-1,3-cyclohexadienylcarboxylic acid) inhibited the in vivo spectrophotometric signal (AAA) of phytochrome in pea, maize, and oat. Furthermore, they showed that this effect occurred for both the initial synthesis of phytochrome in seeds imbibed with gabaculine and the resynthesis of phytochrome in gabaculine-treated seedlings depleted of phytochrome by a series of R-pretreatments.
Gabaculine is a known inhibitor of Chl synthesis (3) . It acts like a suicide inhibitor by irreversibly blocking the transamination of glutamate-l-semialdehyde to ALA. Since ALA is the precursor to pyrroles which are intermediates in the synthesis of pigments such as Chl and the phytochrome chromophore, gabaculine probably reduces the pool size of these pigments by blocking the transamination step in their synthesis (1, 4).
We ask specifically: (a) Is the gabaculine-induced decrease in AAA due to a loss of extinction or to grossly altered absorption maxima of the two phytochrome forms? (b) What is the effect ' Supported, in part, by a grant from the National Science Foundation (PCM 8302206). (7) . Polyclonal antisera, directed against 124 kD phytochrome from Avena, were prepared as described in (6) .
Plant Material and Difference Spectra. Alaska pea seeds were grown as previously described (4) . The application of gabaculine to pea seeds and seedlings was by the method of Gardner and Gorton (4) except in the experiment determining difference spectra for control and gabaculine-treated pea seedlings (Fig. 1) . For this experiment, presoaked pea seeds were sown on cellulose packing material (Kim-Pak, Kimberly-Clark) in a 10 x 18 cm plastic box. The Kimpack was wetted with 50 ml of water or 1 mM gabaculine. After 6 d in the dark at 18°C, seedlings were harvested and the top 1 cm of the epicotyl excised. The epicotyl tissue was diced and placed in a quartz cuvette cooled by circulating chilled water (2°C). Difference spectra were taken three times for each sample. Phytochrome destruction and resynthesis was achieved by the method of Clarkson and Hillman (2) whereby whole seedlings were treated with four 1 5-min intervals of R separated by 105 min of darkness.
Quantitating Phytochrome Apoprotein. Phytochrome protein was quantitated by immunoblot analysis. SDS PAGE and immunoblot analysis were performed in WL as previously described (7) . Phytochrome was extracted from lyophilized pea tissue (0.5 g fresh weight eq) with 1 ml of boiling sample buffer (100 mM Tris [pH 81, 2% SDS, 140 mM 2-mercaptoethanol), boiled 3 min, and clarified by centrifugation (12,000g, 5 min). Each sample was loaded in triplicate on duplicate gels and subjected to SDS-PAGE and immunoblot analysis. Photographic negatives of the blots were scanned twice and the phytochrome peaks integrated. The deviation illustrated by the bars in Figures 2 and 3 is the standard error of the mean divided by the mean signal and represents the percent error accumulated by extraction, SDS-PAGE, immunoblot analysis, and scanning. The total amount of phytochrome was always in the linear range of sample versus signal on the blot (data not shown). Phytochrome bands were not observed on blots probed with preimmune serum. Chl content of pea shoots was determined by the method of Moran and Porath (9) . In all experiments, gabaculine prevented greening of treated pea seedlings after they were placed in WL for 24 h. This observation provided independent evidence that gabaculine was taken up by the seedlings.
RESULTS AND DISCUSSION Gardner and Gorton (4) previously demonstrated that gabaculine substantially decreased the amount of spectrophotomet-PHYTOCHROM1 rically detectable phytochrome (AAA). In their assay, performed with a fixed-wavelength spectrophotometer, the A at 730 nm after actinic R irradiation is subtracted from the A at 660 after actinic FR irradiation. Major gabaculine-induced shifts in peak maxima without a significant change in absorbance would also have yielded similar results. We present the difference spectra of the control tissue (thin line) and the gabaculine-treated tissue (thick line) in Figure 1 . The small, but detectable, difference spectrum for gabaculine-treated tissue is similar, except in magnitude, to the spectrum for the control tissue. This result indicates that the decrease in AAA, induced by gabaculine, is due to the loss of the phytochrome chromophore absorbance and not to major shifts in absorbance maxima of the two phytochrome forms.
Our next question was: Does gabaculine also inhibit phytochrome apoprotein resynthesis? To answer this, dark-grown pea seedlings (7 d) were sprayed with 20 ml of water, 1 mm, or 3 mm gabaculine, were irradiated with R to induce phytochrome destruction (2) , and were then placed in the dark to allow resynthesis. These mately 70% of the unirradiated controls, whereas gabaculinetreated seedlings had significantly reduced AAA (Fig. 2) .
The same qualitative results were achieved when we tested the effects ofgabaculine on initial phytochrome synthesis in etiolated seedlings (Fig. 3) . Pea seeds were grown for 6 d in the dark in the presence or absence of gabaculine and then assayed for AAA and phytochrome apoprotein. Again, gabaculine reduced the photoreversible spectral signal from the chromoprotein chromophore 10-fold without significantly affecting the level of apoprotein (Fig. 3) . When AAA is substantially decreased by gaba-
The effect of gabaculine on phytochrome apoprotein and chromophore resynthesis. Pea seedlings were irradiated with four cycles of 15 mmn R separated by 105 mmn darkness (2) to destroy most of the existing phytochrome, and then placed in the dark for 48 h to allow resynthesis in the absence or presence of 1 mM, or 3 mM gabaculine. Phytochrome apoprotein (0) was quantitated by immunoblot analysis and AAA (I) was determined as previously described (4). a, Dark control. D; b, after R treatment in the absence of gabaculine, R-O; c. after R treatment in the presence of 1 mM gabaculine, R-l mM; d. after R treatment in the presence of 3 mM gabaculine, R-3 mM; e, 48 h of dark following R treatment in the absence of gabaculine, D48-0: f. 48 h of dark following R treatment in the presence of 1 miv gabaculine. D48-1 mM; g, 48 h dark following R treatment in the presence of 3 inat gabaculine, D48-3 mM. Above each set of bars is a phytochrome band taken from an immunoblot of one of the experiments used to quantitate the phytochrome apoprotein in tissue given the indicated treatment. Gabaculine apparently has no effect on apoprotein synthesis since the level of apoprotein is the same in both treated and control plants. Therefore, chromophore-less phytochrome is just as stable in the cell as chromophore-bearing phytochrome. This result suggests that either there is no mechanism to remove chromophore-less phytochrome from the cell or that the phytochrome protein structure (Pr) is identical with or without a chromophore and thus is not recognized as an aberrant molecule by the cellular protein-degradation system.
Quail et al. (10) have shown earlier that, in untreated tissue, phytochrome protein is synthesized de novo and that concomitant to synthesis there is an increase in AAA. We show here that in one instance apoprotein levels can be unrelated to AAA. Therefore, this observation should be considered in studies where estimates of phytochrome pool size are made by measuring only AAA since it is possible that chromophore-less, immunochemically-reactive phytochrome may constitute a portion of the total pool in the cell.
The use of gabaculine to uncouple the synthesis of chromophore and apoprotein may provide an in vitro experimental system for elucidating the chromophore attachment mechanism and the components of this reaction. This approach may lead to methods for preparing phytochrome with synthetic chromophores.
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